+ is a competitive inhibitor of the uptake of the other alkali metal cations by yeast. Rb + is a competitive inhibitor of K + uptake, but Li + , Na+, and Cs+ act like H+. At relatively low concentrations they behave as apparent noncompetitive inhibitors of K + transport, but the inhibition is incomplete. At higher concentrations they inhibit the remaining K + transport competitively. Ca + + and Mg + + in relatively low concentrations partially inhibit K+ transport in an apparently noncompetitive manner although their affinity for the transport site is very low. In each case, in concentrations that produce "noncompetitive" inhibition, very little of the inhibiting cation is transported into the cell. Competitive inhibition is accompanied by appreciable uptake of the inhibiting cation. The apparently noncompetitive effect of other cations is reversed by K+ concentrations much higher than those necessary to essentially "saturate" the transport system. A model is proposed which can account for the inhibition kinetics. This model is based on two cation-binding sites for which cations compete, a carrier or transporting site, and a second nontransporting (modifier) site with a different array of affinities for cations. The association of certain cations with the modifier site leads to a reduction in the turnover of the carrier, the degree of reduction depending on the cation bound to the modifier site and on the cation being transported.
When particular pairs of ions are used in appropriate concentrations, and under conditions where the association of H + with both sites is negligibly small, the different specificity patterns of the two sites lead to predictable effects of each ion on the kinetics of uptake of the other. For example, by pairing K + with Cs+ it should be possible to establish conditions under which the modifier sites are predominantly occupied by Cs+ ions while the carrier sites are predominantly occupied by K + ions. Under these conditions the effect of Cs+ on K + transport should appear kinetically as a predominantly noncompetitive inhibition. On the other hand the effect of K + on the uptake of Cs + should have the characteristics of a competitive inhibition. With pairs of cations for which the relative affinities of the two kinds of sites are widely different, virtually complete separation of the competitive and "noncompetitive" components of inhibition should be possible. On the other hand with ions for which the relative affinities of the two groups of sites do not differ greatly, some overlap between the two effects would be expected to occur.
The present paper is concerned with a series of experiments designed to test the applicability, under a number of selected experimental conditions, of the "two site" model described above. All experiments were carried out at pH 8.0 so that the interaction of H + with both sites was virtually zero. The influence of each of the alkali metal cations, and also of Ca++ and Mg++, on the kinetics of K + transport and, in turn, the influence of K + on the kinetics of transport of each of the other cations, was determined. The results are presented below.
METHODS
The methods employed in these experiments were similar to those already reported (5) . Fresh baker's yeast, previously aerated for several hours, was used. Following aeration, and immediately before use, the cells were twice washed in deionized water. The final suspensions contained 2 mg (wet weight) of yeast/ml together with the cations to be tested, in the form of their chlorides. Those cations whose uptake was measured, except Li+, were labeled with isotopes (42K, 86 Rb, '1 7 CS, 45Ca). At the start of fermentation, glucose was added to give a final concentration of 0.1 molar. The suspensions were fermented at room temperature (25°C) for 3 min, timed from the moment at which glucose was added. During fermentation the cells were kept in suspension by continuous bubbling with air. Fermentations were carried out at pH 8, the pH being kept constant by the addition of small amounts of triethylamine from a pH stat. Following fermentation the cells were centrifuged, quickly washed twice with ice cold deionized water, and resuspended in a volume of water equal to the original volume of the suspension medium. Duplicate 1 ml aliquots of this suspension were assayed for radioactivity. Li+ uptake was determined by flame photometry as previously described (5) .
RESULTS
The simplest relationship between cations was found with Rb + and K + . It has been reported (3) that K + acts as a competitive inhibitor of Rb + uptake and this observation was readily confirmed. Rb+ also acts as a competitive inhibitor of K+ uptake. In Fig. 1 the effect of two different concentrations of Rb + (2 mm and 10 mM) on the initial rate of K + uptake is shown using the double reciprocal form of the Michaelis-Menten equation where V is the rate of K + uptake, S is the concentration of K + , V is the maximal rate of uptake, and K, is the Michaelis constant. For a purely competitive inhibition this equation becomes
i.e. in the presence of inhibitor the slope of the line obtained by plotting 1 /V I against 1/S is increased by the factor (1 + ) where I is the inhibitor concentration and Ki the dissociation constant for the complex formed between the carrier and the inhibitor. The intercept of the line on the 1 / V axis (I / V,.) remains unchanged.
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Inspection of Fig. 1 indicates that Rb + acts as a purely competitive inhibitor of K + uptake. This was readily confirmed by statistical analysis. Using Satterthwaites's approximation of Student's t test for nonhomogeneous variances (8) In contrast, when K+ was paired with any one of the other alkali metal cations, a more complex, asymmetric relationship was observed. For example, data for an experiment with K+ and Cs+ in which the rates of uptake of each cation in the presence of the other were measured (using 4 2K and 13 7 Cs) are shown in Fig. 2 and 3 . Fig. 2 were not significantly different at this level from the values of 2 and 4 calculated from equation 2 on the assumption that for K + , Ki = Km = 0.5 mM (5).
By contrast, as shown in Fig. 3 , when K+ uptake was measured in the presence of a constant amount of Cs+, the pattern of inhibition observed was quite different. Both the intercept and the slope of the 1/V vs. 1/K + plot increased by approximately the same amount with increasing Cs+ concentration, suggesting a predominantly noncompetitive inhibition of K + uptake by Cs + . A similar asymmetrical relationship was found when either Na or Li+ was paired with K + . K + acted as a competitive inhibitor of Na + or Li + uptake, whereas Na+ or Li+, when present in relatively low concentrations, appeared to act as a predominantly noncompetitive inhibitor of K + uptake.
The inhibitory effects of Na + on K + uptake are explored in some detail in Fig. 4 in which the initial rate of K + uptake is plotted against K + concentration in the presence of a wide range of Na+ concentrations. Inspection of the curves suggests that the kinetics of inhibition at low concentrations of Na+ are primarily noncompetitive (a lowering of the asymptote) and, at higher concentrations of Na + , primarily competitive (a shift of the curves to the right). be 50 %. In Table I , the observed inhibitions (from Fig. 4 at 5 mM K+) and the calculated values based on competition kinetics are compared. For each Na+ concentration, the observed inhibitory effect is considerably greater than the calculated one, the discrepancy between the two being most marked at low Na + concentrations. The nature of this residual inhibition is more obvious from Fig. 5 . In this figure double reciprocal plots are shown for the effect of 0, 25, 50, and 100 mM Na + on K + uptake, the data being taken from Fig. 4 . It is seen that, in every case, the slope of the 1/ V vs. I /S plot increased with increasing Na+ concentration. With increasing Na + concentrations up to 50 mM the 1/ V intercept also increased significantly (on the basis of Satterthwaite's t test, P < 0.01 for 25 and 50 mM Na + compared to the control, and P < 0.01 for 50 mM compared to 25 mM Na+). When the Na+ concentration was increased from 50 mM to 100 mM there was no significant increase in intercept (P > 0.05), the slope only being increased. The inhibitory effects of Na+ under these conditions can thus be characterized by two components, a competitive component and a component which behaves kinetically like a noncompetitive inhibition. At low concentrations of Na+ the apparently noncompetitive component predominates. As the concentration of Na+ is increased this component reaches a maximum level beyond which further increases in Na+ concentration result in competitive effects only. The data of Fig. 5 suggest that the apparently non-competitive component reaches a maximum at about 50 mM Na+. The maximal degree of inhibition due to this component, based on the decrease in Vm calculated from the 50 mM and 100 mM intercepts in Fig. 5 , is in the range from 49 to The data are taken from Fig. 4 at a K+ concentration of 5 mM. The calculated inhibition is based on a ratio of 30/1 for the Michaelis constants for Na + and K+.
54 %. The discrepancy between the observed inhibitions and the calculated competitive inhibitions in Table I is due to this apparently noncompetitive effect.
The pattern of Fig. 5 , which was also observed with Cs + and Li + , is the same as that previously reported for the effects of H+ on the uptake of K+ and other alkali metal cations (5) . In that study it was further observed that the apparently noncompetitive effect of H + could be reversed by high relative concentrations of K+, considerably higher than those required to reverse competitive inhibition by H + ions. In this respect also, Na + , Cs + , and Li+ resemble H + . For example, in Fig. 6 , the data for 50 mM Na + and the control are reproduced on an expanded scale to include concentrations of K+ as high as 25 mM (compared to a maximum of 5 mM in Figs. 4 and 5) . From the control line, V, calculated from the intercept, is 17.9 mM/kg/min and the Kin, calculated from the slope, is 0.77 mM. The data for 50 mM Na + can be fitted by two lines, one for 1/K+ values of 0.2 or greater which is the same as that low 0.2, which extrapolates back to the same intercept as the control. It might be objected that this description of the data of Fig. 6 in terms of two linear plots which extrapolate to different 1/Vvalues, and that, in particular, the extrapolation to the 1 /K+ axis of the line which fits the data for 1 /K+ values greater than 0.2 (as has been done also in Fig. 5 ) is unduly arbitrary. This objection would of necessity apply to any kinetic model based on such extrapolation procedures. However, as was shown in a previous study of the effects of H+ on the uptake of alkali metal cations (5), the existence of two distinct components in the inhibition of K + uptake by Na + , Cs + , and Li + is clearly apparent if the data are plotted according to the method of Hunter and a Downs (9) . In this method I -a is plotted against S, where I and S are the concentrations of inhibitor and of substrate respectively and a is the fractional activity (i.e. the ratio of the transport velocity in the presence of a given con- I -a (4) In this case the plot of I. 1-against S is a horizontal line with a Y intercept equal to Ki . Fig. 7 shows the effect of 1 mM Cs + on K + uptake plotted in this way. The theoretical plots for competitive and noncompetitive inhibition, based on the known Km values for transport (0.5 mm for K+ and 7.0 mM for Cs + ) (5) , are shown in the upper left-hand quadrant of the figure. The experimental data can be fitted by two lines, a horizontal segment (noncompetitive) and a segment of positive slope (competitive), neither of which would be predicted from the K,'s. Further, the degree of inhibition of K + uptake corresponding to the horizontal part of the experimental curve is 30 %, whereas the predicted competitive inhibition by Cs + at 1 mM K + is only 2 %. Finally, if Cs + acted only by direct competition for the transport site, Cs + uptake should be commensurate with the degree of inhibition. However, in a double labeling 2 mM of 4 2 K-labeled K + was used, the initial rate of uptake of Cs + was found to be 0.3 mM/kg/min, i.e. only 3 % of that for K + (9.8 mM/kg/min), although the rate of K + uptake (compared to the control without Cs+) was inhibited by 30 %. Na + and Li + gave similar results when plotted in terms of the Hunter and Downs equation. In both cases the degree of inhibition observed was virtually independent of the K+ concentration when the latter was low. When the K+ concentration was increased, a sharp transition to a K+-dependent inhibition (which gave a linear Hunter and Downs plot) was observed. With each of these ions both the K+-independent and K+-dependent components of inhibition deviated markedly from theoretical predictions based on their known 977 I 0, I a
Michaelis constants for the transport site (5). For example, the slope of the K+-dependent component of inhibition was 9 for Na+ in contrast to the predicted value of 30. In the case of Li+ the observed slope was 12, whereas the predicted slope is 54. It is of considerable interest that Ca++ and Mg+ t were also found to produce a marked inhibition of K + uptake. Mg++ is reported to have a very low affinity for the K+-transporting system, about 1/300 that of K + (10) , yet Mg++ at a concentration of 2 mM inhibited the uptake of K + by 25-30 %. Ca + + represents an even more extreme case. Its affinity for the transport system is insignificant,' yet a concentration of Ca + + as low as 1 mM produced an inhibition of 20 % and 2 mM Ca + + gave an inhibition of 40 %. As indicated in Fig. 8 ,
FIoGURE 8. Hunter and Downs plot of the effect of Ca + + on K + uptake.
the inhibition was kinetically of the noncompetitive type at K + concentrations below 4 mM but higher concentrations of K+ resulted in a reversal of inhibition. The pattern is similar to that demonstrated for Li+, Na+, and Cs + and to that previously reported for H + (5) . This similarity suggests a common mechanism for the apparently noncompetitive inhibition produced by these ions. Furthermore, this suggestion is supported by experiments with Ca++ at low pH. In contrast to its inhibitory effect at pH 8 ( Fig. 8) , Ca ++ did not inhibit K + uptake at pH 3.5, presumably because H+ and Ca + + act on the same sites. Thus the two together produce no greater inhibition than H+ alone. can be reversed by sufficiently high concentrations of K+. These concentrations are considerably higher than those needed to overcome competitive inhibition of K + uptake. (h) The apparently noncompetitive effect occurs with little or no uptake of the inhibiting cation, whereas competitive inhibition is associated with transport of the competing cation. The proposed kinetic model for cation uptake in yeast is shown diagrammatically in Fig. 9 . The scheme illustrated in this figure is based on a gen-eralized treatment of the kinetics of reversible enzyme inhibition first proposed by Friedenwald and Maengwyn-Davies (14) and further developed by Webb (7) . The model is assumed to possess the following characteristics: (a) C and M in Fig. 9 are two independent combining sites for cations, C being the carrier or transporting site and M a modifier site which is not a transporting site. (f) Occupation of C by a competing ion (I) results in competitive inhibition of the uptake of S with I being transported at a rate proportional to the fraction of C sites it occupies (pathway 3). (g) Occupation of M by I usually results in a reduction of Vm for S. This reduction occurs without transport of I and can be expressed in terms of an empirical constant , where V. = k 3 Ct (Ct being the total number of transport sites available) is the maximal rate of transport of S in the absence of I and V = k 3 Ct is its maximal transport rate when M is occupied by I (pathway 2). (h) 3 can assume any value between 0 and 1. If = 1, no inhibition results from the occupation of M by I. If = 0, inhibition is complete. This is the classical noncompetitive inhibition of enzyme kinetics. If 0 < < 1, a partial inhibition occurs which is kinetically of the "partially noncompetitive" type discussed by Webb (7) . (i) Since it is postulated that all the cations considered herein have finite affinities for M, it is possible to displace I from M and reverse the apparently noncompetitive effects of I by increasing the concentration of S to a sufficiently high level.
Turning to a qualitative assessment, in terms of this model, of the interactions between cations, it may be noted at the outset that the actual pattern of mutual inhibitory effects observed with any given pair of cations will depend on their relative affinities for C and M (K 8 /K, vs. Ki/K,), on their relative concentrations, and on the value of . Since K+ has a higher affinity for the carrier site (C) than any of the other alkali metal ions and a lower relative affinity for the modifier site (3, 5) , addition of K + in the presence of any one of these should result in preferential displacement of the other ion from the carrier sites and, therefore, in competitive inhibition as has been reported (3). Rb + behaves as a simple competitive inhibitor of K + uptake (Fig. 1) indicating that, unless the affinity of Rb + relative to K + for the modifier site is extremely small (which seems unlikely in view of the general similarity in the biological activity of K + and Rb+), the value of is 1 for Rb + . The data of Fig. 1 do not permit an unequivocal decision between these two possibilities. For the present the second is assumed on general grounds (Table II) but, clearly, further work on this question is desirable.
If, in the case of Li+, Na+, and Cs+, and also in the case of H+, it is assumed that their affinities for the modifier site are greater, relative to K+, than their affinities for the carrier site, the effects of these ions on K+ transport are readily explained in terms of the proposed model. In low concentrations these ions would preferentially displace K+ from the modifier sites and, with 3 < 1 in each case, a partial noncompetitive inhibition would be observed. At higher concentrations, relative to K+, of the competing cation, the modifier sites would become saturated with the competing ion and the maximal modifier effect would be attained. With increasing concentration, the competing cation would also begin to displace K+ from the carrier sites resulting in a competitive The Km values for H + and the alkali metal cations are from (5) , that for Mg + + is from (3), and that for Ca++ from (13) . The K modifier for H+ is taken from the concentration of H + required to produce 50% of the maximal noncompetitive effect (5), and the others are calculated from the slopes plotted according to the Hunter and Downs equation where the slope is the ratio Ki/K 8 for the modifier site (9) . The # values for H+ are calculated from the Vm ratios given in (5) . Those for other cations are from the maximal changes in Vm observed in the present study.
inhibition of the remaining K + transport. On the other hand, if the concentration of K + were raised relative to that of the competing cation, the latter would be preferentially displaced from the carrier site (competitive inhibition by K+) and, only at high K + concentrations would it be displaced from the modifier site (reversal of the apparently noncompetitive inhibition of K + uptake). These predictions are in agreement with the effects of Li+, Na+, Cs+, and H+ on K+ transport reported in the present paper and elsewhere (5) .
The bivalent cations, e.g. Ca++ would, on the basis of the present model, compete only for the modifier site and thus produce only a kinetically noncompetitive effect which would be reversed by high K+ concentrations. This is in agreement with the data for Ca + + illustrated in Fig. 8 . Furthermore, the absence of a Ca++ effect at low pH can be explained. At low pH, the modifier site would already be occupied by H + producing a partial noncompetitive inhibition that could not be increased by Ca + + .
It is clear, therefore, that the kinetic model proposed herein accounts satisfactorily, in a qualitative way, for the simple competitive effect of K + on the uptake of other ions and for the more complicated effects of other ions on K + uptake. Quantitatively, the kinetics may be exceedingly complicated. In the presence of two cations, the model involves four dissociation constants (one for each cation with each of the two sites) and two rate constants, k 3 , and 3k 3 , for the ion whose rate of uptake is being determined. Furthermore, the kinetics of uptake do not measure directly the dissociation constant, K., for the interaction of this ion with the carrier site, but rather the Michaelis constant, Kin, where K. = k 2 /kl and Km = (k 2 + k 3 )/kl . Conway and Duggan (3) have, however, presented evidence which indicates that the kinetics of cation uptake by yeast do in fact closely approximate the classical MichaelisMenten situation (k 2 >> k 3 ). Further, it was shown previously (5) that, in the case of H + , a significant inhibition of K + uptake can be produced with virtually no change in Km. The same observation was made in the present experiments with Cs + and Ca + + as inhibitors of K + uptake. From these findings it can be concluded that Km is approximately equal to K . Since, in the absence of inhibitor, Km = (k 2 + k 3 )/kl, and in the presence of inhibitor Km = (k 2 + fk 3 )/kl, both k 3 and lk 3 must be considerably smaller than k 2 . Thus, the affinity arrays for the carrier site based upon the Km values in Table II may be regarded as reasonably accurate.
The kinetic parameters for the interaction of various ions with the modifier site are more difficult to determine with accuracy. The maximal inhibition apparently arising from this cause is only 30-40 % in most cases and a certain degree of inhibition due to direct competition for the carrier sites may occur in parallel. For example, in the inhibition of K + uptake by Na + (Table I) , the observed inhibition ranged from 11 to 68 % for concentrations of Na + ranging from 5 to 100 mM, whereas the predicted competitive inhibition (based on the Km values for K+ and Na+) increased from 3 to 38 % over the same range of Na+ concentrations. With H+ or Cs+ at low concentrations, the competitive component was considerably smaller and, in certain regions of concentration, the inhibition observed was predominantly of the apparently noncompetitive type.
The value of is most readily determined from the shifts in apparent maximal rates of transport. In the absence of inhibitor, V = k 3 Ct, where Ct is the total amount of carrier. In the presence of sufficient inhibitor to saturate the modifier site, V is the lowest apparent maximal rate found with a series of inhibitor concentrations. For example, in the case of Na+, V can be taken from the highest intercepts on the 1/V axis of Fig. 5 . The Vm for the control is 17.9 mM/kg/min. The maximal change in V is produced by 50 and 100 mM Na + which give values of 9.1 and 8.3 mM/kg/min respectively, these two values not being significantly different at the 0.05 confidence level. Thus 3 for Na + is in the range 8.3/17.9 to 9.1/17.9 or 0.46 to 0.51 (Table II) . This method of estimating : is time-consuming. For example, the data of Fig. 5 required 28 independent estimates of the rate of K+ uptake. Unfortunately it seems to be the most accurate and unequivocal procedure at present available.
The dissociation constants for the modifier site are more difficult to determine. One procedure is to estimate the concentration of cation that will produce 50 % of the maximal noncompetitive effect. Although such an estimate requires a large number of data, it has been done with H+ as an inhibitor of the uptake of each of the alkali metal cations by plotting the apparent Vm against pH for the transport of each cation (Fig. 6 in reference 5 ). The range of values obtained for the dissociation constant for H+ was approximately 0.01 to 0.03 mM.
The Hunter and Downs treatment (9) enables both Km and Ki to be very simply determined. Using the appropriate form of their kinetic equation (equation 4), the value of Ki for a complete noncompetitive inhibition is given by the intercept on the Y axis of the horizontal line (see for example the "theoretical" plot for an assumed noncompetitive inhibition of K+ uptake in Fig. 7 the over-all inhibitory effects observed, the Y intercept does not appear to be particularly useful for determining Ki and : in the present study. An alternative estimate of Ki for the various ions studied has, however, been obtained from equation 3. This is the form of the Hunter and Downs equation for competitive inhibition (9) . According to this equation, the slope of the line obtained by plotting I-1-against the concentration of the transported ion is Ki/K,. In the present case, however, the slope represents competition for the modifier site rather than for the carrier site and corresponds to the ratio Ki/K (see Fig. 9 ). In the first place, the concentrations of the inhibiting cations are not sufficiently high to compete effectively for the carrier site. For example, the slope in Fig. 7 Fig. 4 ) and little further loading of the carrier with K + could occur. On this basis, the dissociation constants for the modifier site were estimated as follows. The constant for H+ was obtained as already described. That for K+ was then determined from the Hunter and Downs plot for the effect of H+ on K + uptake (Fig. 8 of reference 5 ). Using the value so obtained for K + (1.6 m) the Ki values for Li+, Na+, Cs+, Mg++, and Ca++ were then derived from the Hunter and Downs plots of the effects of these ions on K+ uptake. The results so obtained, together with the other kinetic parameters for cation uptake in yeast established in the present and previous investigations, are presented in Table II . The proposed kinetic model provides a framework into which the inhibitory effects of a given cation on the uptake of a second cation by yeast can be fitted, permitting these effects to be described in terms of certain kinetic constants. Thus, competitive inhibition can be interpreted in terms of the usual assumptions concerning the combination of the cations with a carrier as a preliminary to uptake and a spectrum of relative affinities between the various cations involved and the carrier (3, 5) . Similarly, the occurrence, under suitable conditions, of an apparently noncompetitive inhibition by certain cations of a fraction of the total K + uptake and its reversal by high concentrations of K + can be interpreted in terms of the relative affinities of K + and the competing cations for a modifier site such as that postulated. The mechanism of the inhibitory effects associated with the second site can be interpreted in a number of ways. According to the model, it is interpreted in terms of a reduction in the rate constant, k 3 , which represents the transport of a cation through the membrane once it has combined with the carrier. The exact nature of this transport is not known, although many models have been proposed. It undoubtedly involves a sequence of steps. The only specification that can be made in the present model is that the modifier site controlling k3 is in equilibrium with cations of the outside solution rather than with those of the cytoplasm and is therefore, presumably, at the outer face of the membrane. Thus the modifier must involve an early step in the sequence. A second model could also fit the data. 3 It would involve no change in k 3 , but a reduction in the steady-state level of carrier at the outer face of the membrane. In most carrier models of active transport, circulation of the carrier between the inside and outside faces of the membrane takes place, with reversible chemical modifications. Any change in the rate of the return cycle of the carrier would reduce the steady-state level at the outer face of the membrane, and would lead to a partial noncompetitive inhibition. 4 This model would, however, predict that the degree of noncompetitive inhibition would be the same for all transported cations. Yet the noncompetitive effect of H+ is much greater on Cs+, Na+, Rb + , and Li + than it is on K + , as evidenced by the different values of 3 (Table   II) . Even stronger arguments can be advanced against interpretations of the results reported in the present paper and elsewhere (5) in terms of a simple kinetic model based on inhomogeneity of the carrier sites. In the simplest case, such a model would assume two distinguishable populations of carrier sites, each with its characteristic spectrum of affinities for cations. This assumption would imply two parallel saturable processes in the uptake of individual cations and could, in the presence of two competing cations having widely different affinities for the two kinds of carrier sites, result in effects qualitatively similar to those observed in the present study when K+ uptake is inhibited by Li + , Na + , Cs + , or Ca
However, the following facts show that such a model leads to mutually contradictory conclusions. In the virtual absence of H+, the kinetics of uptake of each of the alkali metal ions are fitted by a classical Michaelis-Menten equation based upon a single K. value for each ion (5). In other words, under these conditions, cation uptake can be described in terms of a single saturable process involving an essentially homogeneous population of cation-combining sites. On the other hand, the inhibitory effects of H + on the uptake of alkali metal ions, together with the effects of Li+, Na+, Cs+, Mg++, and Ca++ on K+ uptake, reveal the existence of a second population of combining sites with a specificity array for cations which is quite different from that found for the carrier sites (Table II) . Furthermore, the maximal inhibition associated with the interaction of H + with this second site is different for each of the alkali metal ions, and similar differences are found in the degree of inhibition of K+ uptake resulting from the interaction of different competing ions with the second site (Table II) . Finally, with suitable inhibitors of K + uptake (e.g.
Cs+, Ca++) it has been found that substantial reductions in the rate of K+ uptake can be effected in the absence of any significant uptake of the inhibiting cation. It seems difficult to reconcile these findings with any simple model based on carrier site inhomogeneity. If it is accepted that the noncompetitive effect is due to an alteration of k 3 , an attractive model is that proposed to explain the control of the rates of enzyme reaction sequences by feedback inhibition. The enzyme molecule has, in addition to the substrate site, a second or allosteric site with which a product of the sequence of reactions can combine to produce inhibition by altering the configuration of the enzyme (15, 16) . One mechanism of inhibition involves a reduction in the turnover rate of the enzyme, or in kinetic terms, a reduction in k3 and a partial noncompetitive inhibition.
The modifier effect in yeast may or may not constitute a control system in electrolyte metabolism. Its existence does lead to an influence of the ionic composition of the medium on cation transport and cation discrimination. For example, yeast with glucose as a substrate acidifies the medium, resulting in an increased discrimination between K+ and other cations (5) . In cultures grown in a mixture of Na+ and K+, the acidification leads to a net loss of Na+ and a large gain in K+ content (17) . Plant roots may also have a similar system. It has been suggested that in plant roots, K + is transported by two sites in the presence of Ca++ and only by one in its absence (18) . These findings can be readily explained by the model proposed in the present paper. The possibility that a similar system exists in animal cells has not been explored, but the action of Ca++ and H+ on K+ transport in yeast and its reversal by high K+ resembles, superficially at least, the many kinds of Ca+: H+ vs. K+ ion antagonism in animal cells. If, indeed, a modifier site exists in animal cells in the form found in yeast, it could operate as an effective controlling device on ion transport.
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